Background There are few data on the clinical implications of immunosuppressive protein expression in tumors and immune cell infiltration within the tumor microenvironment in patients with gastric cancer (GC). Methods In this study, 243 patients with curatively resected GC were included. The levels of immunosuppressive protein expression [programmed cell death 1 ligand 1 (PD-L1), cytotoxic T-lymphocyte antigen 4 (CTLA-4), and indoleamine 2,3-dioxygenase (IDO)] in tumors and the densities of immune cells [CD3(?), CD4(?), CD8(?), or PD-1(?) cells] within the tumor microenvironment were measured using immunohistochemical analysis. Results Positive PD-L1, CTLA-4, and IDO expression was observed in 43.6, 65.8, and 47.7 % of the patients, respectively. Expression of PD-L1, CTLA-4, and IDO was related to less advanced stage, intestinal type, and well/ moderately differentiated adenocarcinoma (P \ 0.05). PD-L1 expression was related to better disease-free survival (DFS) and overall survival (OS) in GC [PD-L1(?) vs. PD-L1(-) tumors: 5-year DFS rate, 82.6 vs. 66.9 %; 5-year OS rate, 83.0 vs. 69.1 % (P values \0.05)]. Survival outcomes were also better in patients with a higher density of CD3(?) cells within the tumor microenvironment than in those with a lower density of CD3(?) cells [5-year DFS rate, 80.9 vs. 67.0 %; 5-year OS rate, 82.5 vs. 68.0 % (P values \0.05)]. In multivariate analysis, these two immune markers had a prognostic impact on survival, independent of other clinical variables. Conclusions GC patients with immunosuppressive protein expression (PD-L1, CTLA-4, or IDO) had distinct clinicopathological characteristics. PD-L1(?) expression and a high-CD3 tumor microenvironment are favorable prognostic markers in GC.
Introduction
Evading immune surveillance is a hallmark of biological capabilities in cancer development [1] . This immune surveillance, by which the host immune system can recognize and destroy cancer cells, has been reported in animals and in human cancer patients, supporting the hypothesis that immune evasion by cancer cells plays an important role in the development and progression of tumors [2] . An immunogenic interaction exists between the host and the tumor, and the ability of the tumor to evade immune recognition often determines the clinical course of the disease [3] . Recently, immunotherapeutic agents targeting immunosuppressive proteins such as cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), programmed cell death 1 (PD-1), programmed cell death 1 ligand 1 (PD-L1), and killer cell Ig-like receptor have been investigated as potential treatments for cancer [4] . Among these immunotherapeutic agents, anti-CTLA-4, anti-PD-1, and anti-PD-L1 antibodies have shown promising clinical efficacy towards melanoma as well as several other cancer types [5] [6] [7] [8] [9] .
Tumor-infiltrating immune cells have been identified in various malignant tumors, suggesting that immunological parameters may be significant and useful for assessing the prognosis of patients with cancer [10] [11] [12] . It has been reported that immunosuppressive proteins such as PD-L1, CTLA-4, and indoleamine 2,3-dioxygenase (IDO) are also present in tumors. On the surface, the presence of immune cells around the tumor seems to be a host response to the tumor, and the expression of immunosuppressive proteins in cancer appears to help the tumor to evade host immune surveillance. However, the clinical implications of the existence of immunosuppressive proteins in tumors or immune cells in the tumor microenvironment are still controversial, and their potential as prognostic markers is unclear, as this potential appears to vary with the study population used and methods employed. In addition, the functional or causal relationship between immunosuppressive proteins in tumors and immune cells in the tumor microenvironment has not yet been clearly defined in gastric cancer (GC).
Therefore, we compared clinicopathological findings with the expression levels of immunosuppressive proteins in tumors and the presence of immune cells in the tumor microenvironment in patients with GC. We also analyzed the association between immunosuppressive proteins in tumors and immune cells in the tumor microenvironment and investigated their potential for use as prognostic markers.
Materials and methods

Patients
A total of 289 patients with GC underwent gastric resection between May 2003 and December 2004 at Seoul National University Bundang Hospital (SNUBH). Of these 289 patients, patients with stage IV cancer (N = 14) and those with insufficient tissue for analysis (N = 32) were excluded; 243 patients were finally included in this study. All patients received curative resection with D2 lymph node dissection. Clinical information was retrieved from electronic medical records (EMR). The median follow-up duration was 74 months (range 0-123 months). When the patient's date of death could not be verified through the EMR, it was checked using legitimate services from the Ministry of Public Administration and Security in Korea. This study was approved by the institutional review board of SNUBH (B-1311/226-301).
Tissue microarrays Surgical specimens were used. All tissue samples were fixed in 10 % buffered formalin for 24-48 h and then embedded in paraffin. Representative cores (2 mm in diameter) were taken at random from the tumor blocks and arranged in new tissue array blocks using a trephine apparatus (SuperBioChips Laboratories, Seoul, Korea). An adequate case was defined as a tumor occupying [10 % of the core area. For each case, the location of an individual core in relation to the center or the invasive front of the tumor was not recorded. Non-neoplastic gastric mucosa specimens were included in each of the array blocks, and the tissue array blocks contained up to 60 cores. The expression levels of PD-L1, CTLA-4, IDO, PD-1, and CD3 were measured in all 243 patients. The expression levels of CD4 and CD8 in immune cells were analyzed in only 220 of the patients due to a lack of remaining tumor tissues in the other patients.
Immunohistochemical analysis of immunosuppressive proteins in tumors PD-L1, CTLA-4, and IDO were selected as immunosuppressive proteins in tumors. The expression of these immunosuppressive proteins in tumors was evaluated via immunohistochemical analysis. In brief, 4-lm-thick sections from array blocks were deparaffinized in xylene and rehydrated through graded concentrations of ethanol. Antigen retrieval was then performed by immersing the slides in citrate buffer (pH 6.0) and microwaving them for 10 min. Nonspecific staining was blocked using 1 % horse serum in Tris-buffered saline (pH 6.0) for 3 min. Commercially available primary antibodies were used according to the manufacturer's instructions (anti-PD-L1, rabbit polyclonal, 1:1500 dilution, Abcam, Cambridge, MA, USA; anti-CTLA-4, rabbit polyclonal, 1:200 dilution, Abcam; anti-IDO, mouse monoclonal, 1:500 dilution, Abcam). Antibody binding was detected using an avidin-biotin-peroxidase complex (Universal Elite ABC kit PK-6200; Vectastain, Burlingame, CA, USA) for 10 min and diaminobenzidine tetrahydrochloride solution (Kit HK153-5 K; Biogenex, San Ramon, CA, USA).
The expression of PD-L1 was predominantly observed in the cytoplasm and plasma membrane of tumor cells. CTLA-4 and IDO were expressed in the cytoplasm of tumor cells. The immunoreactivity of PD-L1, CTLA-4, and IDO was evaluated semiquantitatively on the basis of the percentage and intensity of positive cells. The intensity of the staining was graded as negative, weak, moderate, or strong. When [10 % of tumor cells showed moderate to strong staining intensity for PD-L1, CTLA-4, or IDO, the case was recorded as positive for each protein (Fig. S1 in the Electronic supplementary material, ESM).
Density of immune cells in the tumor microenvironment
The densities of CD3(?), CD4(?), CD8(?), and PD-1(?) cells in the tumor microenvironment were assessed using a previously described image analysis system [13, 14] . These median values were cut-off points for high-CD3 (vs. low-CD3), high-CD4 (vs. low-CD4), high-CD8 (vs. low-CD8), and high-PD-1 (vs. low-PD-1) cases (Fig. S1 of the ESM).
Statistical analysis
The association between clinicopathological findings and the expression of immunosuppressive proteins in tumors or the density of immune cells in the tumor microenvironment was evaluated using the v 2 test or a linear-by-linear association. Survival was analyzed using Kaplan-Meier plots and log-rank tests. Disease-free survival (DFS) was measured from the date of gastrectomy to tumor relapse, death from any cause (before tumor relapse), or the last followup. Overall survival (OS) was measured from the time of the operation to death from any cause or the last follow-up. A P value of\0.05 was considered significant. The clinical variables with P \ 0.05 in univariate analysis were included in a multivariate analysis with the Cox regression model. Statistical analysis was performed with IBM SPSS Statistics 20 for Windows.
Results
Patient characteristics
The baseline patient characteristics are shown in Table 1 . Of the 243 patients, 62.6 % were men, and 21. Positive expression of PD-L1, CTLA-4, and IDO was identified in 43.6, 65.8, and 47.7 % of the cases, respectively ( Table 2 ). The expression of these proteins did not differ according to sex, age, or tumor location. In terms of histology, tumors that were positive for PD-L1, CTLA-4, and IDO were frequently identified in well to moderately differentiated adenocarcinoma (55.3, 75.4, and 62.3 %, respectively). According to the Lauren classification, the expression of PD-L1, CTLA-4, and IDO was higher in the intestinal type than in the diffuse type (P = 0.003, P = 0.003, and P \ 0.001, respectively). Although lymphatic invasion did not show a correlation with expression of PD-L1, CTLA-4, or IDO (P = 0.067, P = 0.324, P = 0.112, respectively), tumors without neural invasion revealed more positivity for CTLA-4 than tumors with neural invasion (P = 0.031). Absence of vascular invasion was associated with IDO(?) tumors (P = 0.012). Tumors in less advanced stages exhibited more positivity for PD-L1, CTLA-4, and IDO (P = 0.047, P = 0.016, and P = 0.007, respectively).
In the tumor microenvironment, the densities of immune cells [CD3(?) or PD-1(?) cells] did not differ according to sex, age, lymphatic invasion, vascular invasion, neural invasion, or tumor location. The diffuse type (based on the Lauren classification) showed a higher density of CD3(?) immune cells than the intestinal type (P = 0.021). Tumors with signet ring cell carcinoma or poorly differentiated histology according to the WHO classification showed more PD-1(?) immune cells than other histological types (P = 0.019). The density of CD3(?) and PD-1(?) immune cells was not associated with tumor stage. Additionally, a higher density of CD4(?) or CD8(?) cells was observed in poorly differentiated or signet ring cell carcinoma than in other histological types (P = 0.049 and P = 0.016, respectively). The diffuse type showed a higher density of CD8(?) immune cells than the intestinal type (P = 0.002). The absence of lymphatic or neural invasion was associated with a high density of CD4(?) immune cells (P \ 0.001 and P = 0.005, respectively). Tumors in less advanced stages exhibited a higher density of CD4(?) immune cells but not CD8(?) cells (Table S1 in the ESM, P \ 0.001 and P = 0.428, respectively).
Correlation between immunosuppressive proteins in tumors and density of immune cells in the tumor microenvironment
We found no correlation between the expression of immunosuppressive proteins in tumors and the density of immune cells in the tumor microenvironment. As shown in Table 3 , PD-L1(?) tumors comprised 41.3 % of the tumors in high-CD3 microenvironments and 45.9 % of the tumors in low-CD3 microenvironments (P = 0.472); there was also no correlation between the expression of PD-L1 in tumors and the density of CD4(?) or CD8(?) immune cells in the tumor microenvironment. The rate of PD-L1(?) tumors also did not differ according to the density of PD-1 in the tumor microenvironment (P = 0.177). Similarly, the expression of CTLA-4 and IDO in tumors did not differ according to the density of immune cells in the tumor microenvironment. However, there was a strong correlation among the expression of PD-L1, CTLA-4, and IDO in tumors (Table S2 of the ESM, P \ 0.001). A strong correlation was also found among the densities of CD3, CD4, CD8, and PD-1 (Table S3 of the ESM, P \ 0.001).
Prognosis according to the expression of immunosuppressive proteins in tumors and the density of immune cells in the microenvironment
The 5-year DFS and OS rates of patients with PD-L1(?) tumors were 82.6 and 83.0 %, respectively, which were significantly higher than those of patients without PD-L1 expression [66.9 and 69.1 %, respectively (P \ 0.05); Fig. 1a, b] . Similarly, patients with CTLA-4(?) or IDO(?) tumors demonstrated numerically better DFS [P = 0.380 (Fig. 1c) and P = 0.624 (Fig. 1e) , respectively] and OS [P = 0.448 (Fig. 1d) and P = 0.618 (Fig. 1f) , respectively], although these findings were not statistically significant. Patients with tumors with high- Immunosuppressive proteins in gastric cancer 45 CD3 microenvironments had longer DFS and OS than those with tumors with low-CD3 microenvironments [5-year DFS rate, 80.9 vs. 67.0 % (P = 0.006, Fig. 2a) ; 5-year OS rate, 82.5 vs. 68.0 % (P = 0.002, Fig. 2b) ]. Regarding CD4(?) and CD8(?) immune cells, high-CD4 or high-CD8 microenvironments showed better DFS [P = 0.004 (Fig. 2c) and P = 0.111 (Fig. 2e) , respectively] and OS [P = 0.003 (Fig. 2d) and P = 0.043 (Fig. 2f) , respectively]. Tumors with high-PD-1 microenvironments also demonstrated better prognoses, but this finding was not statistically significant (Figs. 2g, h) . A multivariate analysis including age, lymphatic invasion, vascular invasion, neural invasion, stage, PD-L1 expression in tumors, and the density of CD3(?) cells in the tumor microenvironment-which were significant factors in univariate analyses-was performed. The positive expression of PD-L1 in tumors was an independently significant factor for improved DFS [hazard ratio (HR) = 0.582, P = 0.018], although this had only marginal significance in relation to OS (HR = 0.651, P = 0.059). A high-CD3 tumor microenvironment was also independently related to better prognosis in both DFS and OS [HR = 0.614 (P = 0.038) and HR = 0.538 (P = 0.005), respectively]. Among other factors, age C70 years and advanced stage were significant independent risk factors for DFS; age C70 years, vascular invasion, and advanced stage were identified as independent risk factors for OS in multivariate analysis (Table 4) .
Separate multivariate analyses were also carried out in which the density of CD4(?) or CD8(?) immune cells was incorporated as an independent variable instead of the density of CD3(?) cells. However, in contrast to CD3(?) cells in the microenvironment, the densities of CD4 or CD8 immune cell subtypes did not have an independent prognostic value in these multivariate analyses (data not shown).
Discussion
This study was conducted to investigate the clinical implications of immunosuppressive protein expression in tumors and immune cell infiltration within the tumor microenvironment in GC patients. Our study included a larger number of patients (N = 243) than previous studies [15, 16] . To increase the reliability of the method of detection, PD-L1 and other immunosuppressive proteins (CTLA-4 and IDO) in tumors were measured simultaneously. CD3(?), CD4(?), CD8(?), and PD-1 (?) immune cells in the tumor microenvironment were also evaluated. Detection of immunosuppressive markers including PD-L1, CTLA-4, and IDO has been reported for various tumor types [4, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . In our study, the positive expression of PD-L1, CTLA-4, and IDO was noted in 43.6, 65.8, and 47.7 % of the cases, respectively. This rate of positivity for PD-L1 in our study is similar to that seen in a previous study on GC, in which PD-L1 was detected in 42.2 % of cases, although the expression was evaluated in a small number of patients with GC using different antibodies against PD-L1 [15, 16] . In our study, high PD-L1 expression in GC was related to favorable clinicopathological features and prognosis (Fig. 1a, b ; Table 4 ). In contrast to our observations, a previous study reported that high PD-L1 expression in tumors was associated with poor prognosis and adverse clinicopathological findings in GC [15, 16] ; various other tumors with PD-L1(?) expression have also been reported to have poor prognoses in some studies [23, [28] [29] [30] . However, the prognostic impact of PD-L1 expression in patients with cancer remains controversial to date. Some studies have suggested that PD-L1 expression is not associated with a worse prognosis [18, 19, 31] . These different conclusions drawn by different studies may be explained by the small numbers of patients evaluated, the different antibodies used to detect PD-L1, and the different specimens used (frozen vs. paraffin-embedded tissues). To increase the reliability of the method of detection in our study, commercial antibodies were used, and other immunosuppressive proteins (CTLA-4 and IDO) were also evaluated simultaneously. Although there was no statistical significance, better prognoses were also noted for patients with CTLA-4 and IDO expression in tumors.
The overexpression of immunosuppressive proteins in a tumor can be attributed to either the response of the tumor to the endogenous host immunity or intrinsic pathways of the tumor itself. Immunosuppressive protein expression in tumors was shown to be correlated with tumor-infiltrating lymphocytes (TILs) in the case of ovarian cancer [23] . Interferon gamma was found to induce PD-L1 expression in breast cancer cells [17] . These reports support the idea that the expression of immunosuppressive proteins in tumors is induced as a response to endogenous host immunity. On the other hand, loss of phosphatase and tensin homolog and activation of the phosphatidylinositol-3-OH kinase resulted in increased PD-L1 expression in human gliomas [32] . It was also reported that basal-type breast cancer with high PD-L1 had higher STAT1 levels [17] , suggesting that overexpression of immunosuppressive proteins in tumors is associated with intrinsic pathways of the tumor itself. Our study showed that the protein expression levels of immunosuppressive proteins (PD-L1, CTLA-4, and IDO) in tumors were strongly correlated; however, the expression levels of immunosuppressive proteins in tumors were not related to the densities of immune cells [CD3(?), CD4(?), CD8(?), and PD-1(?) cells] in the tumor microenvironment. These results support the idea that the expression of immunosuppressive proteins in GC is induced by intrinsic pathways of the tumor itself rather than as a response to endogenous host immunity. Additionally, in our study, tumors with positive expression of PD-L1, CTLA-4, and IDO proteins shared common clinical characteristics, such as less advanced stage, well/moderately differentiated histology, intestinal type, and lack of vascular invasion, which are known to be related to favorable prognosis. The better prognosis of GC patients who show the expression of immunosuppressive proteins in tumors may be explained by these observations from our study.
TILs have been reported to be associated with good prognosis in several tumor types [10, 12, 33, 34] . In our study, the density of CD3(?) TILs, including CD4(?) and Fig. 2c-f) . However, the prognostic impact of CD4(?) or CD8(?) cells in the microenvironment was not valid in multivariate analyses (data not shown). This finding [35] . Considering the results of the previous systemic review and our study, CD3(?) TILs, which include both CD4(?) and CD8(?) cells, may yield more precise information about an immune response against the tumor and about the patient's prognosis. The PD-1(?) cell density in the tumor microenvironment also appeared to be related to survival outcomes, although there was no statistical significance (Fig. 2g, h) ; this finding is similar to that of a previous study, in which PD-1-expressing tumor-infiltrating T cells were a favorable prognostic biomarker in head and neck cancer [36] . In summary, our study reveals that immunosuppressive proteins are expressed in some patients with GC, and that these patients have distinct clinicopathological characteristics. In tumors, there were strong correlations among the protein expression levels of immunosuppressive markers (PD-L1, CTLA-4, and IDO). However, no correlation was observed between the expression of immunosuppressive proteins in tumors and the density of immune cells in the tumor microenvironment. These results support the idea that immunosuppressive proteins in tumors are induced by some intrinsic tumor-related mechanisms, which need to be further investigated in future studies, rather than being a tumor response to host immunity. PD-L1(?) expression in tumors and a high-CD3 microenvironment were related to favorable survival outcomes, regardless of other clinical factors. 
